ABSTRACT
RESULTS:
Follow-up Cheng scores were higher than initial scores; this difference indicates clinical resolution (follow-up, 4.90; initial, 3.38). The SCM thickness ratio at follow-up was lower than that at the initial evaluation (follow-up, 1.29 -1.34; initial, 1.65-1.77). Intra-and interobserver agreements were excellent. Most variables were moderately correlated with clinical improvement (correlation coefficients, 0.36 -0.509). R1 showed the highest correlation with clinical improvement (0.481 and 0.509), followed by the initial maximal thickness of the SCM (0.434 and 0.488). ⌬P (P1-P2) and ⌬R showed similar correlation coefficients with clinical improvement.
CONCLUSIONS:
Measurement of the SCM thickness ratio appears to overcome the problem of a false-positive diagnosis of clinical aggravation of CMT resulting from physiologic growth. R1 and ⌬R are accurate objective measurements, which can be used in the management of CMT.
ABBREVIATIONS:
CMT ϭ congenital muscular torticollis; P1, 2 ϭ initial and follow-up maximal thickness of the SCM; R1, 2 ϭ initial and follow-up SCM thickness ratio; SCM ϭ sternocleidomastoid muscle C ongenital muscular torticollis is a common disorder of the musculoskeletal system in neonates and infants, with an incidence of 0.3%-1.9%. Patients with CMT can be divided into a sternomastoid tumor group and those with tightness of sternocleidomastoid muscle but no clinical tumor as a muscular torticollis group. Postural torticollis is congenital torticollis with neither tightness nor tumor of the SCM. CMT has been used synonymously with congenital torticollis. 1 In infants with torticollis, the head typically is tilted toward the side of the affected muscle and rotated toward the opposite side. 2 On sonography, focal or diffuse enlargement of the SCM is apparent in the lower two-thirds of the muscle, and the size of the lesions ranges from 8 to 15.8 mm in the maximal transverse diameter. 3 The echogenicity of the lesions is hyperechoic (49%) and mixed echogenic (49%). 4 Most patients experience a reduction in the size of the SCM spontaneously or after physical therapy. 5, 6 However, infants grow rapidly; this growth causes the SCM to thicken physiologically, so some cases of physiologically thickened SCM can be confused with a poor response to physical therapy. To our knowledge, there have been only a few quantitative sonographic studies on the clinical outcome of rehabilitation for CMT. The purpose of this study was to evaluate whether a new sonographic assessment method that uses the muscular thickness ratio of the SCM can help quantify the outcome of rehabilitation therapy in patients with CMT.
MATERIALS AND METHODS

Case Selection
This retrospective study included 48 consecutive patients (17 boys and 31 girls; mean age, 3.9 Ϯ 3 months) who visited our hospital with a clinical diagnosis of CMT and who underwent initial sonography, follow-up sonography, and rehabilitation therapy between January 2009 and March 2012. The same physician from the Rehabilitation Medicine Department made the clinical diagnosis of CMT for all patients on the basis of a mass in the SCM and documentation of a deficit in passive neck rotation in association with ipsilateral SCM shortening. The exclusion criteria were postural torticollis without a mass or tightness, the presence of hematoma in the SCM, congenital anomaly of the cervical spine, spasmodic torticollis, and bilateral torticollis. Ten patients were excluded on the basis of these criteria. This study was approved by our institutional ethics review board, and the requirement for informed consent was waived because of the retrospective study design.
Sonographic Evaluation
A musculoskeletal radiologist performed all ultrasonographic examinations by using the HDI 5000 (Philips Medical Systems, Bothell, Washington) and Logiq E9 (GE Healthcare, Milwaukee, Wisconsin) imaging devices equipped with linear 6-to 15-MHz probes. With the patient in the supine position, a small pillow was placed under the shoulder to extend the neck. This study followed our current protocol for sonographic evaluation of CMT. Specifically, a large amount of semisolid sonography transmission gel was used to minimize pressure on the lesion. Gray-scale images were obtained for both SCMs in the transverse and longitudinal planes. The largest cross-section of the lesion was captured, and the anteroposterior diameter, which represents muscular thickness, was measured. Sonograms of the involved muscle were compared with those of the uninvolved muscle, and the anteroposterior diameter of the contralateral SCM was measured (Fig. 1 ). The internal echotexture of the lesion was captured and classified as either homogeneous or heterogeneous. The mean interval between the 2 sonographic examinations (ie, initial and follow-up) was 4.2 Ϯ 3 months. All images were retrospectively retrieved from patient files and were interpreted and measured by 2 fellowship-trained academic musculoskeletal radiologists with 10 and 12 years of experience. The ratio of the thickness of the involved SCM to the thickness of the intact SCM (ie, the SCM thickness ratio) was calculated.
Clinical Correlation
Treatment began a few days after diagnosis. Patients underwent a standard physiotherapy program that involved manual stretching for 30 minutes 3 times per week. Manual stretching followed a standardized protocol: 3 repetitions of 15 manual stretches of the tight muscle with sustained force for 1 second and a rest period of 10 seconds between each stretch. The parents of the patients were taught to carry out a home program of active positioning in accordance with specific instructions. 7 As suggested by Cheng et al, 2 clinical improvement was assessed with a scoring system based on the range of motion of the neck measured with a goniometer. We adopted a modified Cheng method that considered only the numeric angles containing rotation deficits and side-flexion deficits. The degree of each angle of rotation and flexion deficit was measured and scored with a 4-point scale, respectively: 0, poor (Ͼ15); one, fair (11-15); two, good (6 -10); three, excellent (Ͻ5). Therefore, the modified Cheng score ranged from 0 to 6, with higher scores indicative of better clinical results.
Statistical Analysis
The thickness of the affected SCM and the SCM thickness ratio were compared for initial and follow-up values with paired t tests.
Interobserver agreement between the 2 radiologists was assessed with the intraclass correlation coefficient. We used the following intraclass correlation coefficient classification system: poor reproducibility, Ͻ0.40; fair-to-good reproducibility, 0.40 -0.75; excellent reproducibility, Ͼ0.75. Wilcoxon signed-rank tests were used to evaluate differences between the initial and follow-up values (eg, difference in the SCM thickness, difference in the SCM thickness ratio). The correlation coefficients between thickness, the SCM thickness ratio, and the modified Cheng scores were calculated with categoric regression analysis and Spearman rank correlations. A weak correlation was defined as correlation coef- ficients between 0.1 and 0.3; a moderate correlation, between 0.3 and 0.7; a high correlation, between 0.7 and 0.9; and a very high correlation, above 0.9. 8 All analyses were performed with the Statistical Package for the Social Sciences software, Version 10.1 (SPSS, Chicago, Illinois). P values Յ.05 were considered statistically significant. Table 1 depicts the mean thickness of the involved muscle and the normal muscle, the SCM thickness ratio, and the Cheng scores. Follow-up Cheng scores were higher than initial scores (mean, follow-up: 4.90 Ϯ 1.59; initial: 3.38 Ϯ 2.46), indicating clinical resolution of CMT. The SCM thickness ratio at follow-up was lower than that at initial evaluation (mean, readers 1 and 2; follow-up: 1.34 Ϯ 0.50, 1.29 Ϯ 0.48; initial: 1.77 Ϯ 0.70, 1.65 Ϯ 0.72). The intraclass correlation coefficient was 0.919 for thickness and 0.988 for the SCM ratio, indicating excellent interobserver agreement (Table 2) . Table 3 depicts the correlation coefficients obtained from Wilcoxon signed-rank tests between the study variables and the Cheng scores; the values for most correlation coefficients were indicative of moderate correlation (0.366 -0.509). The initial SCM thickness ratio (R1) showed the highest correlation (0.481 and 0.509) with Cheng scores, followed by the initial maximal thickness of the SCM (P1, 0.434 and 0.488). The difference between initial and follow-up SCM thickness (⌬P, P1-P2) and the difference between the initial and follow-up SCM thickness ratio (⌬R) showed a similar correlation with the Cheng scores. None of the correlation coefficients were significantly correlated. We observed 13 cases (27%) in which the maximal thickness of the SCM was higher (ie, ⌬P Ͻ 0) and the SCM thickness ratio was lower (ie, ⌬R Ͼ 0) at follow-up than at initial evaluation (Fig 2) . At follow-up, only 2 of these cases (4%) had decreased Cheng scores, while the others had increased Cheng scores (Fig 3) .
RESULTS
DISCUSSION
CMT typically affects first-born boys with a breech presentation or difficult obstetric history. 3 The clinical and sonographic features of CMT are strongly correlated. 6 In patients with CMT, sonography reveals fusiform enlargement and significant asymmetry of the SCM. Sonography also .57 cm) . B, The intact right muscle measured 0.38 cm, and the SCM thickness ratio was 1.50. The initial modified Cheng score was 3. C, Follow-up sonography of the involved muscle shows an increased thickness of 0.68 cm 3 months after the initial evaluation. D, At follow-up, the thickness of the uninvolved muscle was 0.54 cm, the SCM thickness ratio was 1.26, and the modified Cheng score was 6. a Numbers in parentheses are P values. P values Ͻ.01 were considered statistically significant. b P1 is the initial maximal thickness of the sternocleidomastoid muscle. c ⌬P is the difference in the maximal thickness of the SCM between initial and follow-up measurements. d R1 is the initial SCM thickness ratio (maximal thickness of the involved muscle/ maximal thickness of the normal muscle). e ⌬R is the difference in the SCM thickness ratio between initial and follow-up measurements. correlates well with clinical severity. 9 Muscular thickening is due to the proliferation of fibrous tissue. 10 Resolution of muscular thickening is a good indicator of clinical recovery and is used widely in the Department of Rehabilitation Medicine at our hospital. The echotexture of the CMT can also be a useful diagnostic tool, and the ratio of the hyperechoic lesion to the normal portion of the SCM can be used as a guideline for treatment. 5 However, because hyperechoic lesions do not always show a parallel appearance along the SCM, the exact measurement of the hyperechoic lesion along the whole SCM is difficult. Furthermore, hyperechoic lesions are observed in only 49% of CMT cases. 11 The maximal thickness of the involved muscle is objective and shows good interobserver agreement. In our study, the intraclass correlation coefficients for maximal thickness were extremely high (0.919 -0.988). This result suggests that maximal thickness of the SCM can be used as a quantitative method of evaluation. Decreased thickness generally indicates resolution of SMT, but some patients do not follow this trend. In our study, follow-up SCM thickness (P2) was higher than the initial SCM thickness (P1) in 13 patients (27%), and the follow-up SCM thickness ratio (R2) was lower than the initial ratio (R1) in these patients. Nonetheless, all except 2 of these patients had improved Cheng scores at follow-up.
We suspect that these results can be explained by physiologic growth of the SCM. The intact contralateral SCM muscles in these patients showed increased muscle thickness (mean, 0.13 cm). Therefore, an increase in the thickness of the involved muscle (ie, ⌬P Ͻ 0) does not always indicate clinical aggravation. To compensate for changes in muscle thickness explained by physiologic growth, we suggest using the ratio of the thickness of the involved muscle to that of the normal muscle. Cheng scores were negatively correlated with both involved SCM thickness and the SCM thickness ratio. The initial SCM thickness ratio was more strongly correlated with the Cheng scores at follow-up than was the initial SCM thickness or the change in the initial SCM thickness. The change in the SCM ratio and the change in the involved SCM thickness showed a similar correlation with the Cheng score. Although the correlation coefficient for P1 was slightly higher than that for ⌬P and though the correlation coefficient for R1 was slightly higher than that for ⌬R, there were no significant differences between any of the correlation coefficients.
We used modified Cheng scores to evaluate clinical improvement in patients with CMT. The original Cheng score is composed of 2 objective measurements of neck motion and 3 subjective criteria (craniofacial asymmetry, palpable residual band, and subjective head tilting). 2 We used the 2 objective measurements only to produce a modified Cheng score that ranged from 0 to 6. We focused on whether R1 and ⌬R might show a close correlation with clinical improvement, and we compared these correlations with those of P1 and ⌬P. The correlation coefficient for P1 was higher than that for ⌬P, and the correlation coefficient for R1 was higher than that for ⌬R. The correlation coefficient for R1 was slightly higher than that for P1, but the correlation coefficients for the ⌬P and the ⌬R were similar. Thus, we found that R1 and P1 reflect clinical improvement in CMT, while the ⌬P and ⌬R may also indicate clinical improvement. The ⌬R may be particularly helpful in the interpretation of the mismatch between clinical improvement and sonographic findings among patients who have higher P2 than P1, as occurred among 13 patients in our study.
Our study has some limitations. First, we were unable to evaluate the correlation between increased echogenicity and clinical improvement. Quantitative analysis of increased echogenicity was difficult, and some cases did not show increased echoes in the involved SCM. Another limitation was the retrospective study design, which made it difficult to perform a completely blinded study.
CONCLUSIONS
P1, R1, ⌬P, and ⌬R were moderately correlated with clinical improvement. The SCM thickness ratio overcomes the error of a false-positive diagnosis of clinical aggravation of the CMT resulting from physiologic growth. R1 and ⌬R are accurate objective measurements that can be used in the management of CMT.
